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(57) Abstract 

A closed tube sampling appara- 
tus (14) for drawing a specimen sam- 
ple tube (16) having a pierceable cap 
comprises a tube loading carousel (15) 
in which sample tubes are radially dis- 
posed and indexed in turn to an aspi- 
rate position. A needle carrier (42) is 
moveable linearly to move an aspirate 
needle (17) from a park position where 
the needle is in a wash station (47) 
to an aspirate position where the nee- 
dle extends through said wash station 
and pierces said cap for the purpose 
of aspirating a sample from the tube. 
The needle wash station is also move- 
able relative to the needle carrier and 
is spring (49) biased to bear on said 
cap and prevent withdrawal of the cap 
as said needle is withdrawn. A dis- 
pensing pipette (20) is in fluid com- 
munication with said needle and sub- 
sequently dispenses said sample onto 
a slide. A slide transfer apparatus for 
sequentially transferring single slides 
(40) from a stack of slides onto a slide conveyor (12) includes a pickup head (1 1) having a bellows type suction cup (39) for lifting and 
holding slides. A fixed optical sensor (34) detects a home position of the pickup head and the travelling optical sensor (36) on the head 
detects when a slide is held and released from the head. The degree of movement of the head in releasing a slide is detectable by the 
travelling sensor (36) and thereby a microprocessor is able to determine whether one or two slides have been transferred by the head from 
the stack to the conveyor. The amount of movement of the head from the home position to the top of the stack and from the home position 
to the top of the conveyor is also determined by the microprocessor which in determining all movements counts the revolutions of a stepper 
motor which is responsible for such movement. 
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TITLE: SPECIMEN PREPARATION 

The present invention relates to a specimen preparation apparatus. Various 
inventive elements of a specimen preparation apparatus are also disclosed. In 
particular, although not exclusively, the invention relates to a fully automated blood 
film making and staining apparatus. However, the invention is not restricted to use 
in preparing blood specimens but may also have application in preparing other types 
of specimens to be examined in a laboratory. 

A significant volume of the specimens processed in clinical laboratories are 
blood specimens. Blood may be examined under a microscope by creating a blood 
film which is a thin film of blood on a glass microscope slide. In preparing the 
blood film, a laboratory technician firstly transfers the patient identification number 
from a sample tube onto the label of a microscope slide. Transcription errors are not 
uncommon. It is also important that finger or glove prints do not contaminate the 
surface of the slide. 

The gloved technician then removes the cap of the sample tube and a blood 
sample is removed from the tube and placed at one end of a clear area of the slide. 
A glass smearer is then used to make the blood film. The smearer is like a normal 
microscope slide and may have the corners cut off. The smearer has a smooth 
ground edge which is placed on the slide and drawn back onto the drop of blood. 
The technician then pauses while the blood spreads across the face of the smearer. 
The technician then moves the smearer away from the blood drop in one rapid, 
smooth motion. The surface tension of the blood and adhesion of the blood to the 
glass smearer means that the drop is pulled along the slide resulting in a thin film 
of blood. 

Following preparation of the blood film, the slide undergoes a staining process 
which involves immersing racks of slides in pots of stain for prescribed times. After 
staining, the films are dried and then passed to a haematologist for inspection. 

Thus the above manually performed process involves risks in the handling of 
blood which are undesirable given the increased prevalence of HTV/AIDS and 
Hepatitis (A,B,C and D). Furthermore, there is a risk of transferring incorrect 
information to the microscope slide. Another disadvantage with the above process 
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is the precision yet tedium involved in preparing a large number of blood films and 
the tedium in processing the prepared blood films through the staining process. 

It is therefore an object of the present invention to overcome or at least 
ameliorate one or more of the above-mentioned disadvantages. 

Accordingly, one form of the invention provides a closed tube sampling 
apparatus for drawing a specimen sample from a sample tube having a pierceable 
cap, said apparatus including a sample tube loading carousel for supporting sample 
tubes radially on said carousel, characterised in that, said carousel is adapted to index 
said tubes in turn to an aspirate position; said apparatus further including a needle 
carrier moveable linearly from a park position to a range of operative positions 
located towards said carousel, said needle carrier including an aspirator needle for 
piercing said cap and drawing a sample; and a tube support member moveable 
linearly relative to said needle carrier towards and away from said carousel and 
being adapted in an extreme position in one direction to prevent withdrawal of said 
cap and tube from said carousel during sampling. 

In another form the invention provides a slide transfer apparatus for 
transferring slides from a stack of slides to a slide conveyor, characterised in that, 
said apparatus includes a pickup head for picking up the top slide from a stack of 
slides and returning to a home position, a slide transport platen for movement under 
said pickup head to receive a slide from said pickup head, and a sensor on said 
pickup head to determine when said slide is released from said pickup head onto said 
platen and facilitate determination of whether one slide or several adhered slides are 
released onto said platen. 

In order that the invention may be more fully understood, one embodiment 
will now be described with reference to the drawings in which: 

Figure 1 is a perspective view of a blood film making and staining apparatus 
incorporating the present invention; 

Figure 2 is a perspective front view of a closed tube blood sampling 
apparatus, constituting a portion of the overall blood film making and staining 
apparatus of Figure 1; 

Figure 3 is a perspective rear view of the closed tube sampling apparatus of 
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. Figure 2; 

Figure 4 is an enlarged perspective view of the smearer chuck and smearing 
element as shown in Figure 1, the view illustrating the two axis of rotation provided 
for the smearing element; and 

Figures 5-8 are schematic front elevations of the slide transfer mechanism of 
the apparatus of Figure 1 showing various positions of a slide pickup head. 

The overall blood film making and staining apparatus is shown in Figure 1 
and only those parts relevant to the present invention will be described in detail. 
The overall apparatus generally comprises a carousel based sample tube loading and 
mixing device, a slide transport system, a closed tube sampling apparatus, a blood 
film making device, a slide staining system, a slide rack handling system, a liquid 
supply and handling system, a waste liquid handling system, vacuum and air pressure 
supply and handling system, a slide identification system, a microprocessor control 
system, a user interface and various pressure and vacuum sensors. Each of the 
above parts of the apparatus will be referred to in more detail below. 

The slide transport system consists essentially of a slide hopper 10, slide 
pickup head 11, a slide transport platen 12, a rack loading head 13, a vacuum pump 
(not shown) and an arrangement of vacuum valves and pipework (not shown) 
allowing the distribution of said vacuum as required. 

The closed tube sampling apparatus is generally referenced 14 and is shown 
in more detail in Figures 2 and 3. The sampling apparatus 14 is for drawing a 
sample from a sample tube 16 in carousel 15 and comprises essentially a cap 
piercing aspirator needle 17, a needle stripping mechanism consisting essentially of 
stripping plate 18 and lug plate 19, a syringe pump (not shown), and a sample 
dispensing pipette 20. 

The slide staining system consists essentially of a staining robot 21, staining 
tubs 22, a wash station 23 and a temperature controlled drying oven 24. The slide 
rack handling system essentially comprises slide racks 25, rack input conveyor 26, 
rack/slide output conveyor 27 and rack indexing mechanism 28. 

The blood film making device consists essentially of a smearing element 29 
and associated smearer chuck 30 and support arm 31. The smearing element 29 may 
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. be glass or other material. The smearer chuck 30 is pivoted around two axes one 
parallel with the lengthwise axis of the smearing element 29, and one parallel with 
the widthwise axis of the smearing element 29 as more clearly shown in Figure 4. 
The smearing element 29 is free to pivot about the axis parallel with the widthwise 
axis of the smearing element which allows automatic alignment of the smearing 
element to the surface of a slide when presented to the slide surface. The smearer 
chuck 30 is spring loaded so as to be vertical in its rest state (as shown in Figure 1). 

The liquid supply and handling system includes an external rinse solution 
supply bottle (not shown), an internal rinse solution supply reservoir (not shown), 
a liquid pump and an arrangement of valves and pipework (not shown) allowing the 
distribution of liquid as required, wash stations for the aspirator needle 17, sample 
dispensing pipette 20, and smearing element 29 respectively, and a smearer element 
wash station 58. 

The waste liquid handling system comprises an external waste liquid bottle 
with level detection (not shown), an internal waste reservoir with level detection (not 
shown), a vacuum pump (not shown), and an arrangement of valves and pipework 
(not shown) to allow for the collection of said waste liquid. 

The slide identification system comprises a bar code reader (not shown) and 
a dot matrix slide printer 32. A microprocessor control system and software (not 
shown) is provided to control all aspects of the apparatus operation. An 
uninterruptible power supply is preferably provided. The user interface incorporates 
a keypad and LCD display (not shown). 

Furthermore, various pressure and vacuum sensors (not shown) are disposed 
so as to allow implementation of diagnostic and error handling functions. 

To prepare the apparatus for operation, the user places up to 30 blood filled 
sample tubes into the tube loading carousel 15 by placing them in any one of a 
plurality of radial holes disposed symmetrically around the periphery of carousel 15. 

The user can stack up to 150 painted label glass microscope slides into the 
slide hopper 10 and load up to six slide racks 25 into the rack input conveyor 26. 

Processing of the blood samples is initiated by user input to the user interface 
panel (not shown). The instrument performs an initialisation routine that ensures that 
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all moving axes are in known positions. 

In particular, Figures 5-8 assist in describing an initialisation routine 
undertaken by the slide transport system. The slide pickup head 11 is driven up and 
down by rotation of the lead screw 33 driven by a stepper motor (not shown). Two 
sensors are utilised with the operation of the slide pick up head 11. Firstly, a fixed 
sensor 34 is provided to determine when the slide pickup head 11 reaches the upper 
most limit of its travel. This uppermost limit is referred to as the home position or 
reference point. The fixed sensor 34 is tripped by a protrusion or flag 35 on the 
upper surface of the slide pickup head 11 which breaks an optical beam 61 in the 
sensor 34. Secondly, a travelling sensor 36 is provided on the slide pickup head 11. 
The travelling sensor 36 includes plunger flag 37 biased downwardly by the 
operation of spring 38. The travelling sensor 36 is tripped when something comes 
into contact with the underside of the slide pickup head 11 and hence into contact 
with the plunger flag 37. This causes the stem of plunger 37 to break beam 62 in 
the sensor 36. 

During the initialisation sequence, the slide pickup head moves to the home 
position activating fixed sensor 34. The slide pickup head 11 then moves to touch 
the top of slide transport platen 12 whereupon travelling sensor 36 will be activated 
by the stem of plunger 37 breaking beam 62. The apparatus thus calculates the 
number of revolutions made by the stepper motor (not shown) in moving the slide 
pickup head from the home position to the position where the travelling sensor 36 
is activated to thereby calculate the distance between the home position and the top 
of the transport platen 12. This parameter is stored in the apparatus by the 
microprocessor control system. In addition, the initialisation sequence also 
determines, in a similar manner, the location of the top slide in the slide hopper 10. 

Returning to Figure 1, rotation of the tube loading carousel 15 causes blood 
samples in respective sample tubes 16 located in the carousel to be mixed. 

The rack input conveyor 26 moves slide racks 25 to a pickup position at the 
inner end of the rack input conveyor 26. When a through beam type sensor pair 
confirms that a rack is at the rack pickup position then the staining robot 21 picks 
up the rack and places it onto the rack indexing mechanism 28. The rack indexing 
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mechanism 28 then moves the slide rack 25 to a position such that the rack is 
located below the rack loading head 13 and able to receive slides. 

The slide pickup head 11 moves from its home position into the slide hopper 
10 where the slides are arranged in a stack. The slide pickup head 11 comprises a 
bellows type suction cup 39 and the travelling sensor 36 (see Figures 5-8) that 
indicates the presence of a slide 40 on the head 11. 

Picking up a slide is achieved by moving the slide pickup head 11 down 
towards the top of the stack of slides until it is almost in contact with the top slide 
40 in the slide hopper 10. Taking slides from the top of the stack has the advantage 
that the mechanism does not have to work against the weight of the stack of slides. 

As the pickup head 11 approaches the slide stack, vacuum is applied to the 
bellows suction cup 39 which is in its extended, or natural, state. Upon contacting 
the top slide of the stack, the bellows suction cup 39 is rapidly evacuated by the 
vacuum source causing it to collapse into a compressed state. In the process the top 
slide is grasped and rapidly accelerated away from the stack beneath. This rapid 
acceleration provides generally reliable separation of slides. Slides are grasped by 
the action of the suction cup on the label area of the slide only. 

When the slide contacts the slide pickup head 11 the travelling sensor 36 
detects its presence by breaking of the beam 62 by the plunger stem and the 
microprocessor controller reverses the motion of the slide pickup head 11 returning 
it to its home position as detected by the fixed sensor 34 where it is above the level 
of the platen 12. 

The slide transport platen 12 then moves from its home position to a position 
directly under the slide pickup head 11 so as to receive the slide. The slide pickup 
head 11 moves down to a position close to the slide transport platen 12 and the slide 
is transferred to the platen by selective manipulation of the state of the vacuum 
valves. In other words the vacuum of the slide pickup head 11 is cut off causing the 
slide to be pressed down onto the platen. The slide is retained on the slide transport 
platen 12 by the action of a vacuum applied by the platen to the underside of the 
slide. The slide pickup head 11 now moves upwards towards the home position and 
the distance of upward travel required before the stem of plunger 37 no longer 
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. breaks the beam 62 is used to determine if more than one slide has been placed on 
the platen 12 due to two slides being adhered together. If more than one slide has 
been transferred then the slide pickup head 11 returns to the platen 12 and vacuum 
is applied to both the pickup head 11 and the platen 12. The slides are thus pulled 
apart either by moving the slide pickup head 11 upwards or by moving the platen 
12 horizontally. Horizontal movement of the platen 12 has been found more 
effective. 

The tube loading carousel 15 ceases mixing the sample by rotation and comes 
to rest with a sample tube 16 disposed in an aspirate position vertically above the 
sampling needle 17 with the sample tube sealing cap (not shown) at the bottom. A 
bar code reader (not shown) confirms the presence of a tube in the aspirate position. 

The bar code reader is mounted behind the tube loading carousel 15. An 
additional bar code label is attached to the carousel 15 itself in each tube position 
whereby insertion of a tube covers the additional label in that position. This label 
may read "No Tube" or any other identifier so desired. 

If a tube with bar code is present, and the bar code label is visible and 
readable, the bar code reader outputs a "Read OK" indication and the label data. 
The enclosed data is then transmitted to the slide printer 32 via the microprocessor 
controller. 

If no tube is present the bar code reader outputs a "Read OK" indication and 
the data "No Tube" identifier indicating that there is no tube in this position. 

If a tube having a damaged, missing, or incorrectly applied bar code label is 
present then the bar code reader will output a "Bad Read" indication. 

The system thus allows the detection of the presence of tubes using a bar code 

reader. 

The slide transport platen 12 having received a slide moves to a position so 
that the slide label is positioned beneath the printing head of the dot matrix type 
slide printer 32. The slide transport platen 12 is pivoted a few degrees to raise an 
end of the platen so as to present the label of the slide to the printing face of the 
slide printer 32. The rotation may be up to 10 degrees. This rotation is caused by 
the presence of magnetic elements arranged so as to produce a repulsive force 
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between the slide transport platen 12 and the frame or chassis of the apparatus. A 
large magnet 41 is located underneath the slide printer 32 and a smaller magnet (not 
shown) is disposed in the slide transport platen 12. These magnets repel each other 
so that as the platen 12 moves beneath the printer 32, the platen 12 is caused to 
pivot a few degrees so that the label end of the slide contacts the printer 32. The 
slide printer 32 prints the sample tube identifying number, and other text requested 
by the user, onto the label portion of the slide. 

Following confirmation of the presence of a tube, the sampling needle 17 
moves upwards and pierces the rubber sealing cap of the sample tube 16 in the 
aspirate position. Sampling is initiated. The sampling process is controlled by a 
syringe pump (not shown) comprising a syringe and electronically controlled means 
for driving the plunger of said syringe. The syringe pump provides an accurate 
means of sampling and dispensing a blood sample. 

Figures 2 and 3 assist with describing and understanding the sampling process. 
As shown, the apparatus includes a crane portion 42 which moves along linear 
bearing track 43 by the operation of lead screw 44 driven by a stepper motor 45. 
As shown in Figure 3, bearing carriages 46 guide the crane portion 42 along the 
linear bearing track 43. The sampling needle 17 is carried on the crane portion 42 
and moves upwardly towards the sampling tube in the carousel as the crane portion 
42 is driven upwardly. A needle wash 47 also slides relative to the linear bearing 
track 43 by the aid of another bearing carriage 48. As shown in Figure 3, the needle 
wash 47 is biased upwardly and away from the crane portion 42 by a spring 49. 
However, the needle wash 47 is connected to the crane portion 42 by the lug plate 
19. The lug plate 19 includes a slot 50 through which extends a stop member 51 
fixed to the crane portion 42. The lug plate 19 is slidable relative to the crane 
portion 42, the limits of the sliding movement determined by the ends of the slot 50. 

The lug plate 19 also includes lug 52. The flexible stripping plate 18 
including two vertically aligned slots 53 is connected to the chassis of the apparatus. 
A cam roller 54 is mounted on the crane portion 42. During initiation of the 
sampling process, the crane portion 42 will be located at the central position as 
shown in Figure 3. In this position, lug 52 is prevented from moving downwardly 
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to any degree by stripping plate 18. In the relative positions of the needle wash 47 
and needle 17, the needle is received within the needle wash 47. As downward 
movement of the crane portion 42 and hence the needle 17 is prevented, the needle 
is locked in this position. 

As the crane portion 42 is driven upwardly by the lead screw 44, the needle 
wash 47 will bear against the cap of the sample tube 16 in the carouse] 15. As the 
needle 17 continues to progress upwardly with the movement of the crane portion 
42, the lug plate 19 which is held against the tube cap will move downwards relative 
to the crane portion 42 and the needle will extend through a hole 55 provided in the 
needle wash and out the other side to pierce the cap of the sample tube. The syringe 
pump operates so as to draw a sample of blood from the tube and into a holding coil 
(not shown). 

Extending upwardly from the needle wash 47 is a tongue 56 which enters the 
tube station of the carousel and prevents rotation of the carousel during the sampling 
process. 

As the sampling needle 17 is removed from the tube cap, by the downward 
action of the crane portion 42, the tube cap continues to be supported by the needle 
wash 47. This prevents the needle from pulling the caps off tubes and spilling the 
blood sample. However, tubes may be slightly withdrawn from the carousel 15 by 
the process of withdrawing the sampling needle 17, Once the sampling needle is 
fully withdrawn from the tube cap, the action of the spring 49 ensures that the needle 
wash 47 pushes the blood sample tubes back into the carousel 15. As the crane 
portion 42 progresses downwardly, the cam roller 54 flexes the stripping plate 18 
rearwardly until the cam roller 54 moves into the lowermost of slots 53 and the lug 
52 is received in the uppermost of the slots 53. In this position, the sample 
dispensing pipette 20 is washed in pipette wash station 57. 

Following sampling, the sample tube 16 is ejected from the carousel 15 by an 
ejection mechanism (now shown). The ejection mechanism comprises a tag driven 
by a lead screw (not shown) which pushes the sample tube out of the carousel and 
into a chute or bin (not shown). The ejection mechanism is provided at an eject 
station arranged a few stations beyond the sampling station as the carousel rotates. 



WO 97/26541 PCT/AU97/00027 

-10- 

The sample path valves (not shown) are then manipulated so that the sample 
may now be passed to the sample dispensing pipette 20. The syringe pump (not 
shown) is then commanded to pump the sample to the sample dispensing pipette 20. 
At this time the waste liquid system valves are manipulated so that any liquid so 
dispensed is drawn to the internal waste liquid reservoir in the apparatus. The 
syringe pump is then commanded to pump a portion of the sample from the holding 
coil to waste. This action results in unadulterated blood being presented to the 
sample dispensing pipette 20. The sample dispensing pipette 20 then moves up and 
out of the pipette wash station 57 and is positioned so that a slide may be presented. 

Following label printing, the slide transport platen 12 moves so as to position 
the slide under the sample dispensing pipette 20. The sample dispensing pipette 20 
approaches the slide and stops at a commanded position. The syringe pump is then 
commanded to dispense a known volume of blood onto the slide. The sample may 
be dispensed in the form of a round drop or a streak or otherwise. 

Next the support arm 31 rotates about a vertical axis so as to move the 
smearer chuck 30 and smearer element 29 from a position above the smearer wash 
station 58 to a position above the axis of travel of the slide transport platen 12. The 
smearer chuck 30 is then caused by a motor (not shown) to rotate from its vertical 
position to a near horizontal position. 

The slide transport platen 12 moves the slide and blood sample to a position 
below the smearer chuck 30. The smearer chuck 30 is rotated back towards its rest 
position so that the smearing element 29 rests upon the upper surface of the slide at 
a predetermined angle. A spring provides a known contact force between the 
smearing element 29 and the slide surface. Free rotation of the smearer chuck along 
its axis ensures that the free end of the smearing element 29 is in full contact with 
the slide surface. The slide transport platen 12 then moves relative to the smearing 
element so as to bring the blood sample into contact with the smearing element 29. 
The slide transport platen 12 is maintained in this position for a commanded length 
of time to allow the blood sample to be drawn across the width of the smearing 
element 29 by capillary adhesive forces. Once the blood sample is drawn across the 
width of the smearing element 29 the slide transport platen 12 then moves away 
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. from the point of deposition of the sample, drawing the blood along the slide, and 
depositing a thin film of blood on the slide surface. The velocity, acceleration and 
displacement of the slide transport platen 12 relative to the smearing element are 
determined to produce excellent quality blood films over a wide range of haematocrit 
values. The smearer chuck 30 is then caused by a motor (not shown) to rotate from 
the smearing position to a position near horizontal. 

The slide transport platen 12 then moves away from the smearing position 
until it reaches the slide transfer position at which point the slide is transferred from 
the slide transport platen 12, to the rack loading head 13, for subsequent transfer to 
a slide staining rack 25. The transfer of the slide is achieved by tilting the slide 
transport platen 12 into a vertical orientation with the slide now held between the 
slide transport platen 12 and the rack loading head 13. The movement of the slide 
transport platen 12, a cam (not shown) fixed to the apparatus chassis, and a follower 
60 attached to the slide transport platen 12 produce the rotation of the slide through 
90°. 

Slide transfer is achieved by manipulating the vacuum valves supplying 
vacuum to the slide transport platen 12 and the rack loading head 13 so that 
handover of the slide is achieved. The slide transport platen 12 then moves to its 
home position, returning to a horizontal orientation in the process. 

The rack loading head 13 moves down so as to lower the slide into one of a 
plurality of slide retaining features in a slide rack 25 presented by the rack indexing 
mechanism 28 beneath. The slide is dropped into the slide rack 25 by disconnecting 
the vacuum supply from the rack loading head 13. 

The rack loading head 13 returns to its home position (as shown) in Figure 
1. The rack indexing mechanism 28 moves the slide rack 25 a distance equal to the 
pitch spacing between slide rack retaining features so that a subsequent slide may 
be loaded. 

The support arm 31 now rotates so that the smearing element 29 is above the 
smearer wash station 58. The support arm 31 is lowered so that the smearing 
element 29 is positioned in a cavity in the smearer wash station 58. The smearer 
element 29 is then rinsed by application of rinse solution. The rinse solution is 
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removed by way of vacuum and deposited in the internal waste reservoir. The 
smearer element 29 is then air dried by passing it through an airstream, the motion 
being provided by moving the support arm 31. The smearer element then returns to 
its home position (as shown) in Figure 1. 

Periodically the smearer element 29 may also be cleaned using a smearer 
clean solution. At this time the smearer element 29 is lowered into a smearer clean 
reservoir 59. The smearer element 29 is then rinsed again as described previously. 

Referring again to Figure 1, the sample dispensing pipette 20 moves so as to 
be located inside the pipette wash reservoir 57. The pipette is washed both internally 
and externally. Internal washing is achieved by commanding the syringe pump to 
pass rinse solution through the pipette. External washing is achieved by spraying the 
outer surface of the pipette. The rinse solution is removed by vacuum and deposited 
in the internal waste reservoir. 

The aspirator needle 17 is enclosed by the needle wash 47 when at its home 
position. The needle 17 is rinsed in the same manner as the dispensing pipette 20 
in pipette wash reservoir 57. 

The tube loading carousel 15 rotates to present the tube just sampled to the 
tube ejection mechanism (not shown) located behind the carousel 15. The tube is 
then ejected from the carousel into a bin for collection by the user. 

The above process, commencing with the pickup of a slide from the slide 
hopper 10, repeats until there are no more samples to process or until the slide rack 
25 on the rack indexing mechanism 28 is full. The rack indexing mechanism 28 
then moves to the slide rack pickup position. The staining robot 21 then moves to 
the rack indexing mechanism 28 and picks up the slide rack 25. The slide rack 25 
is then placed sequentially into a series of staining solutions contained by some or 
all of the staining tubs 22. The order of placement of the slide rack 25 into 
solutions, and the duration of residence, are programmable and controlled by the 
microprocessor controller. More than one rack may be processed simultaneously. 
Multiple staining protocols may be run simultaneously. 

After the slides have been stained according to the prescribed protocol the 
slide rack 25 may be optionally transferred by the staining robot 21 to either the 
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water wash station 23 or the drying oven 24. The wash station 23 comprises a 
vessel that is supplied with water from a laboratory water supply via a plumbed hose 
and pressure regulator* A solenoid valve (not shown) controls the flow of water to 
the vessel so that water only flows when it is required. Water passes over the slides 
and slide rack 25 and flows to drain via a hose. Level detection in the water wash 
station 23 detects overflow should it occur and closes the water supply valve. 

The drying oven 24 is a programmable, microprocessor controlled device 
comprising a cavity into which the slides and slide rack 25 are placed, a heating 
element, and a fan. The instrument microprocessor controls the temperature of the 
heated air as commanded by the user. 

After staining and optional rinsing and drying the slides and slide rack 25 are 
picked up by the staining robot 21 and placed onto the rack/slide output conveyor 
27. The slides and slide rack 25 are then moved to the front of the instrument for 
collection by the user. 

The sequence of operations described is representative of a process where 
operations are performed sequentially. In reality operations will in many cases be 
preformed in parallel in order to shorten the cycle time of the instrument. 



WO 97/26541 PCT/AU97/00027 

- 14- 

CLAIMS: 

1. A closed tube sampling apparatus for drawing a specimen sample from 
a sample tube having a pierceable cap, said apparatus including a sample tube 
loading carousel for supporting sample tubes radially on said carousel, characterised 
in that, said carousel is adapted to index said tubes in turn to an aspirate position; 
said apparatus further including a needle carrier moveable linearly from a park 
position to a range of operative positions located towards said carousel, said needle 
carrier including an aspirator needle for piercing said cap and drawing a sample; and 
a tube support member moveable linearly relative to said needle carrier towards and 
away from said carousel and being adapted in an extreme position in one direction 
to prevent withdrawal of said cap and tube from said carousel during sampling. 

2. An apparatus according to claim 1, characterised in that, said tube 
support member comprises a needle wash station having an aperture therethrough for 
passage of said needle, the active part of said needle being accommodated in said 
needle wash station when said needle carrier is in said park position. 

3. An apparatus according to claim 2, characterised in that, said needle 
carrier includes a first locking means which is effective at the park position of the 
needle carrier for locking said needle within said wash station. 

4. An apparatus according to claim 2 or 3, characterised in that, said 
needle carrier includes a sample dispensing pipette in fluid communication with said 
aspirator needle via a syringe pump and holding coil, said sample dispensing pipette 
being adapted to receive said sample from said holding coil and dispense the sample 
onto a slide. 

5. An apparatus according to claim 4, characterised in that, a pipette wash 
reservoir is spaced below said sample dispensing pipette such that when said needle 
carrier is in an extreme position in the other direction said sample dispensing pipette 
is in said pipette wash reservoir. 

6. An apparatus according to claim 5, characterised in that, said needle 
carrier and needle wash station are separately mounted for said linear movement on 
a linear bearing track and are interconnected in a manner allowing limited said 
relative linear movement, and a spring member is connected between said needle 
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. carrier and needle wash station to bias said needle wash station against said cap 
during said sampling. 

7. An apparatus according to claim 6, characterised in that, said needle 
wash station includes a second locking means in the form of a tongue which extends 
into said carousel when said needle wash station is in said extreme position in one 
direction, tQ prevent rotation of the carousel during sampling. 

8. An apparatus according to claim 1, characterised in that a bar code is 
present on each said sample tube to identify the sample and the bar code is read by 
a bar code reader whilst said sample tube is in said aspirate position on said 
carousel. 

9. A slide transfer apparatus for transferring slides from a stack of slides 
to a slide conveyor, characterised in that, said apparatus includes a pickup head for 
picking up the top slide from a stack of slides and returning to a home position, a 
slide transport platen for movement under said pickup head to receive a slide from 
said pickup head, and a sensor on said pickup head to determine when said slide is 
released from said pickup head onto said platen and facilitate determination of 
whether one slide or several adhered slides are released onto said platen. 

10. A slide transfer apparatus according to claim 9, characterised in that, 
said sensor is an optical sensor having a beam which is broken by a plunger on said 
pickup head, which plunger moves relative to said sensor as said pickup head 
releases and moves away from a slide on said platen, the amount of movement 
necessary to activate said sensor determining whether one or two slides have been 
released onto said platen. 

11. A slide transfer apparatus according to claim 10, characterised in that 
said plunger is a spring loaded plunger which bears on a slide held by said pickup 
head and is thereby retracted into said pickup head and extends out from said pickup 
head when no slide is present, a stem of said plunger breaking said beam when said 
plunger is retracted and avoiding said beam when said plunger extends. 

12. A slide transfer apparatus according to claim 11, characterised in that 
said pickup head includes a bellows type suction cup recessed into said pickup head, 
said cup extending slightly outwardly beyond the surface of said pickup head in its 



WO 97/26541 PCT/AU97A00027 

- 16- 

m extended or natural state and retracting into said head when it is evacuated and 
holding a slide. 

13. A slide transfer apparatus according to claim 12, characterised in that 
a second optical sensor is provided at said home position of said pickup head to 
determine when said pickup head is in said home position, said apparatus further 
includes a lead screw driven by a stepper motor to move said pickup head and a 
microprocessor for determining the rotational movement required by the stepper 
motor whereby the distance between the home position and the top slide of said 
stack, and the home position and the slide transport platen is calculated. 
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